We know little concerning the expression of transforming growth factor-β1 (TGF-β1) and TGF-β1-induced epithelialmesenchymal transition (EMT) markers in gastric mucosa and their changes after eradication of Helicobacter pylori infection have not yet been clarified. In the present study, we compared the time course of messenger RNA (mRNA) expression of TGF-β1 and five EMT markers (Twist, Snail, Slug, vimentin and E-cadherin) in 111 controls, 55 patients with gastric dysplasia and 71 patients with early gastric cancer, following eradication of H.pylori. mRNA levels in non-cancerous gastric mucosa were measured using quantitative real time-polymerase chain reaction and the histologic findings of gastric mucosa were compared before and after eradication. The average duration of follow-up was 46.7 months (6.0-112.4). The levels of TGF-β1, Twist, Snail, Slug and vimentin mRNA, in addition to levels of CD44 detected by immunohistochemistry, showed all upregulation in patients with dysplasia or early gastric cancer compared with controls (P < 0.05); moreover, the mRNA levels of E-cadherin, an epithelial marker, were decreased in these patients compared with the control group (P < 0.001). Eradication of H.pylori reduced the expression of TGF-β1, Twist, Snail, Slug and vimentin mRNA (P-value for slope <0.001), as well as the immunohistochemical expression of CD44 (P = 0.014), whereas it enhanced the expression of E-cadherin (P-value for slope < 0.05). Thus, H.pylori infection may trigger the TGF-β1-induced EMT pathway and the emergence of gastric cancer stem cells (CSCs). Its eradication may prevent the carcinogenesis of gastric cancer by inhibiting these two pathways.
Introduction
Gastric cancer is a major cause of cancer-related death worldwide, and its incidence is particularly high in Asia. In South Korea, in 2010, the age-standardized incidence rate was 62.3 in males and 24.9 in females per 100 000 individuals (1) . Helicobacter pylori is the primary etiological factor for gastric cancer (2, 3) .
Gastric cancer is classified into two histologic types based on the Lauren system-namely, the intestinal and diffuse types (4) . Intestinal type gastric cancer is thought to undergo multistep carcinogenesis, known as Correa's pathway, in which chronic inflammation eventually develops into gastric cancer via atrophic gastritis, intestinal metaplasia (IM) and dysplasia (5) . Although H.pylori is assumed to trigger the early stages of this process, the exact initiation mechanism has not been identified.
The cancer stem cell (CSCs) hypothesis has emerged as a likely theory for the initiation of cancer. The available data suggest that CSCs are present in many solid tumors and cancer cells are derived from a stem cell compartment which undergoes an abnormal replicative process to form a non-stem cell component of the tumor (6) . Although CSCs with different specific cell surface markers have been characterized, CD44 is usually present and has also been identified as a marker of gastric CSCs (7) .
Epithelial-mesenchymal transition (EMT) is considered to be a key process of cancer spreading (8) . During EMT, the epithelial cell detaches from adjacent cells, and infiltrates surrounding tissue, resulting in the invasion or metastasis of cancer. Consequently, loss of E-cadherin, the prototypical epithelial cell marker, and increase in intermediate filament, vimentin and several EMT-inducing transcription factors, such as Snail, Slug, Twist are observed (9) . Interestingly, recent studies have suggested that cells undergoing the EMT acquire stem cell-like properties (10, 11) . Mani et al. (11) showed that the induction of EMT in immortalized mammary epithelial cells generated a subpopulation of CD44+/ CD24− cells with both the phenotype and properties of breast CSCs. Considering the evidence indicating EMT and a stem cell as an origin of breast cancer (10, 12) , it is of interest to investigate whether H.pylori is a common triggering factor for both EMT and CSCs in gastric cancer. Transforming growth factor-β (TGF-β) is known to be potent inducer of EMT (13) , and H.pylori infection promotes the expression of TGF-β1 in both gastric epithelial cell lines and human gastric tissue (14) (15) (16) . Although EMT could represent a convergence point of H.pylori infection and gastric cancer initiation, there is only limited experimental data supporting the association, particularly in breast cancer. Moreover, the influence of H.pylori infection and its eradication on EMT or the emergence of CSCs has not been investigated to date.
We evaluated the possible carcinogenic effects of TGF-β1-induced EMT and CSCs by comparing the levels of messenger RNAs (mRNAs) encoding TGF-β1 and five EMT markers (Twist, Snail, Slug, vimentin and E-cadherin) in non-cancerous mucosa from control subjects to those in patients with dysplasia or gastric cancer. For comparison at the protein level, Snail, E-cadherin and CD44 were analyzed by immunohistochemistry (IHC). We also investigated long-term changes in expression before and after H.pylori eradication. Additionally, since H.pylori infection has been implicated as a major cause of IM (17, 18) , the possible relationship between expression of EMT markers and IM was assessed.
Materials and methods

Study subjects
Study subjects with current H. pylori infection were consecutively enrolled at Seoul National University Bundang Hospital from February 2006 to December 2013. After exclusion of patients who refused to receive anti-H.pylori therapy for various reasons, potential adverse effects, cost, or infirmity, all participants underwent anti-H.pylori treatment. We divided patients into three groups according to the pathologic results, namely control, dysplasia and early gastric cancer. Controls were selected from those who when upper gastrointestinal endoscopy showed no evidence of malignant lesions or peptic ulcer. Patients with dysplasia or early gastric cancer underwent endoscopic submucosal dissection or mucosal resection. Patients with advanced gastric cancer were excluded since the aim was to assess EMT in the early stages of carcinogenesis.
The first-line therapy for H.pylori infection included 7-day triple therapy (esomeprazole 40 mg b.i.d., clarithromycin 500 mg b.i.d. and amoxicillin 1000 mg b.i.d.). To evaluate whether H.pylori was eradicated, a 13 C-urea breath test was performed at least 4 weeks after the completion of therapy. If H.pylori were not eradicated, 2 weeks of second-line treatment (tripotassium dicitrate bismuthate 300 mg q.i.d., metronidazole 500 mg t.i.d., tetracycline 500 mg q.i.d. and esomeprazole 20 mg b.i.d.) was administered. A total of 237 patients in whom H.pylori had been eradicated and who had been followed for more than 6 months were enrolled. Among these, 111 controls, 55 subjects with gastric dysplasia and 71 patients with early gastric cancer were included. In order to compare the mRNA or IHC expression of EMT markers between H.pylori-positive and -negative subjects, non-cancerous gastric tissue from 14 H.pylori-negative, stage I gastric cancer patients who were enrolled in the same period and from 20 H.pylorinaive control subjects was analyzed. The mean duration of follow-up was 46.7 months (range: 6.0-112.4), with mean number of 4.10 follow-up visits (range: 1−9). The study protocol was approved by the Ethics Committee at Seoul National University Bundang Hospital (IRB number B1301/186-111). All subjects provided written informed consent and were asked to complete a questionnaire that included questions regarding demographic information and socioeconomic habits.
H.pylori testing and histology
During endoscopy, biopsies were obtained from both the gastric antrum and body for determining H.pylori infection status and histology. Baseline H.pylori infection status was determined based on modified Giemsa staining, culture, rapid urease test (CLO test, Delta West, Bentley, Australia) (17) . If one of these invasive tests was positive, the patient was judged to be currently H.pylori infected. As for the histologic feature of the gastric mucosa, the degree of inflammatory cell infiltration, atrophy and IM was recorded using the updated Sydney scoring system (0 = none, 1 = slight, 2 = moderate and 3 = marked) (19) . If the histologic grade of IM or glandular atrophy continuously decreased, participants were considered to have improved. If the IM increased or did not change, the case was considered as nonimproved. If IM grade changed inconsistently, the patient was excluded.
Fasting serum was collected from study subjects and serum concentrations of pepsinogen I and II were measured using a latex-enhanced turbidimetric immunoassay (Shima Laboratories, Tokyo, Japan). Based on the results of serum pepsinogen tests, patients were categorized as having no, mild to moderate or severe gastric atrophy, according to the definition of Kato et al. (20) .
Quantitative real-time polymerase chain reaction
Total RNA was extracted directly from non-cancerous corporal biopsy specimens with TRIzol® reagent (Invitrogen, Carlsbad, CA), as recommended by the manufacturer. Next, 1500 ng of RNA was reverse transcribed to complementary DNA with oligo (dT) and M-MLV reverse transcriptase (Invitrogen), according to the manufacturer's instructions. Quantitative PCR was performed in 96-well reaction plates using 2 μl of complementary DNA in a 20 μl reaction mix containing 2× SYBR® Premix Ex Taq™ (Takara Bio, Otsu, Japan). Samples were run on an Applied Biosystems 7500/7500 Fast RealTime PCR instrument (Applied Biosystems, Foster City, CA), The PCR cycling conditions were as follows: an initial denaturation step for 30 s at 95°C and then 40 cycles of denaturation at 95°C (5 s) and annealing at 60°C (34 s 
IHC
Immunostaining of CD44, Snail and E-cadherin was also performed. Paraffin-embedded mucosal tissue distant from tumor sites was analyzed from 50, 29 and 38 subjects in the control, dysplasia and cancer groups, respectively. For the dysplasia and cancer groups, the area of the stomach where the lesion was located was chosen. For the control group, 24 specimens were obtained from the antrum and 26 specimens were obtained from the body. Core tissue biopsies (2 mm in diameter) were obtained from paraffin-embedded gastric mucosa. Cores were arranged in recipient paraffin blocks (tissue array blocks) using a trephine. The test procedure used a human control slide for IHC analysis (Superbiochips Laboratories, Seoul, Korea). Antibodies against CD44 (H-CAM) (1:200 dilution; Leica Biosystems, Breckland, UK), Snail (NBP1-19529) (1:100 dilution; Novus Biologicals, Littleton, CO) and E-cadherin (610181) (1:400 dilution; BD Biosciences, San Jose, CA) were used. Staining of sections (4 µm thick) from tissue array blocks was performed using the BenchMark XT staining system and the ultraVIEW Universal DAB Detection Kit (Ventana Medical Systems, Tucson, AZ). Snail is aberrantly expressed in the nuclei of gastric cancer cells, whereas it is rarely expressed in non-neoplastic gastric epithelial cells. Moreover, aberrant expression of CD44 is observed in the membrane and cytoplasm of cancer cells. E-cadherin was strongly expressed in the membrane of non-neoplastic glands (22) . Scoring for the expression of CD44, Snail and E-cadherin in gastric epithelium was determined using light microscopy, by multiplying the intensity times the area (%) where staining was observed in epithelial glands; the possible scores ranged from 0 to 300. The intensity of staining was scored as 0, no staining; 1+ faint/barely perceptible partial staining; 2+, weak to moderate staining; 3+, strong staining (23) . Each sample was scored by a blind reviewer.
Statistical analysis
The χ 2 test and Fisher's exact test were used for the analysis of categorical variables. To find the best model for the time course of mRNA levels of TGF-β1 and EMT markers after H.pylori eradication, a linear mixed model was applied. There was no significant difference in the results between the linear mixed model and generalized additive mixed model (24) . Moreover, linear mixed model is appropriate for the data since it incorporates a generic correlation structure of longitudinal data by considering both within-subject and between-subject variations (25) . After the model selection process was completed by comparing Akaike Information Criteria, a random intercept model was employed. The mRNA levels encoding TGF-β1 and five EMT markers were compared between groups using one-way analysis of variance followed by Scheffe's or Tamhane's tests. Analysis of covariance was used for the adjustment of H.pylori infection status and development of cancer. For the analysis of changes in histologic grades after the eradication of H.pylori, a paired t-test or Wilcoxon rank sum test was used. All analyses were performed using either R (version 2.13.0, The R Foundation for Statistical Computing) or SPSS (version 21.0, IBM, NY). Table 1 shows the demographic and histologic characteristics of H.pylori-positive subjects (n = 237). Patients with dysplasia or gastric cancer were significantly older than controls. In terms of histology, neutrophil infiltration of the antrum was more prominent in the control group than in the dysplasia or cancer groups (Table 1) . Atrophic gastritis (determined by histology and serum pepsinogen I/II ratio) and IM were more prevalent in patients with dysplasia and gastric cancer than controls ( Table 1) .
Results
Demographic characteristics
Expression of mRNAs encoding EMT-markers and CD44, and IHC analysis in H.pylori-positive subjects
The expression of mRNAs encoding TGF-β1 and five EMT markers were measured before H.pylori eradication, to determine whether EMT is involved in the dysplasia-cancer sequence. The levels of TGF-β1 mRNA in the control group were significantly lower than those in the cancer group (1.66 ± 0.18 versus 3.07 ± 0.46, P = 0.005; Figure 1A ). Similarly, mRNAs encoding Twist, Snail, Slug and vimentin were more up-regulated in patients with early gastric cancer than control subjects ( Figure 1B-E ). In contrast, the expression of E-cadherin mRNA was significantly lower in patients with dysplasia and early gastric cancer than in controls (3.75 ± 0.71 versus 0.17 ± 0.07 and 0.28 ± 0.09, all P < 0.001; Figure 1F ).
In addition, there was a trend toward increased expression of mRNAs encoding TGF-β1, Snail, slug and vimentin along the normal-dysplasia-cancer sequence (TGF-β1, P trend = 0.003; Twist, P trend = 0.004; Snail, P trend = 0.002; Slug, P trend < 0.001 and vimentin, P trend = 0.008, respectively). In contrast, a sequential decreasing trend in the mRNA levels of E-cadherin was observed as the disease progressed toward cancer (P trend <0.001). When CD44 mRNA was investigated as a possible gastric CSC marker, patients with cancer or dysplasia showed lower expression of CD44 mRNA compared with the control subjects (0.72 ± 0.10 and 0.48 ± 0.04 versus 1.62 ± 0.16, all P < 0.001; Figure 1G Since most epithelia stained markedly with a membranous pattern, relative comparison of E-cadherin by IHC was not possible.
Association between genes encoding EMT markers and CD44 expression
To investigate the relationship between EMT-related genes and CD44 mRNA, the expression levels were compared using Spearman's rho test (Supplementary Table 2 , available at Carcinogenesis Online). The expression of TGF-β1 mRNA significantly correlated with the expression of the Twist, Snail, Slug and vimentin genes (all P < 0.001). Messenger RNAs encoding EMT-acquired markers (Twist, Snail, Slug and vimentin) showed significant positive correlations with each other. Slug mRNA expression had an inverse correlation with the expression of E-cadherin mRNA (Spearman's rho = −0.180, P = 0.015).
Unexpectedly, the expression of CD44 mRNA did not correlate with the expression of the four EMT-inducing genes or with the CD44 staining (Supplementary Table 2 , available at Carcinogenesis Online) (CD44 IHC: Spearman's rho = −0.032, P = 0.734). Instead, CD44 mRNA expression positively correlated with that of E-cadherin (Spearman's rho = 0.184, P = 0.005).
The intensity of CD44 had significant positive correlations with the expression of Snail and Slug mRNAs (Spearman's rho = 0.396, P < 0.001 and Spearman's rho = 0.372, P < 0.001, respectively).
Expression of TGF-β1 and EMT markers between the H.pylori-positive and H.pylori-negative groups
The expression of mRNAs encoding TGF-β1 and EMT markers was compared between the H.pylori-positive and H.pylorinegative groups (Supplementary Table 3 Figure 3C ) and Slug ( Figure 3D ) also presented similar tendencies, whereas the expression of the E-cadherin gene was suppressed to a greater extent in H.pylori-positive controls than in H.pylori-negative subjects (1.54 ± 0.47 versus 0.39 ± 0.11, P = 0.001; Figure 3F ).
In the cancer group, markedly more enhanced expression of mRNAs encoding TGF-β1 and EMT markers was seen in Some of the specimens were inadequate for histologic evaluation for glandular atrophy because their paraffin sections were not parallel to the vertical axis of the stomach. expression in H.pylori-infected cancer tissues was lower than that in H.pylori-negative cancers (0.67 ± 0.17 versus 0.14 ± 0.07, P = 0.068) ( Figure 3F ). In multiple regression analyses, both H.pylori infection and cancer were independent factors for the induction of TGF-β1, Twist, Slug and vimentin mRNA expression (Supplementary  Table 4 , available at Carcinogenesis Online). In contrast, both H.pylori infection and the development of cancer independently reduced the expression of E-cadherin mRNA. The expression of CD44 mRNA was suppressed to a greater extent than in control subjects (Supplementary Table 4 , available at Carcinogenesis Online).
The IHC expression of Snail and CD44 in H.pylori-negative tissues showed weaker staining than in H.pylori-positive tissues (P < 0.001 and P = 0.077, respectively) ( Figure 2A Table 5 , available at Carcinogenesis Online). IHC. mRNA expression of TGF-β1 (A), Twist (B), Snail (C), Slug (D) and vimentin (E) in patients with dysplasia and cancer was markedly enhanced, while that of E-cadherin in patients with dysplasia was significantly reduced compared with controls (F). The expression of CD44 mRNA was lower in cancer and dysplasia than in control subjects (G). Immunoreactivity of Snail (H) and CD44 (I) was higher in cancer than in control samples. Data shown are means ± standard errors of the means (SEM). *P < 0.05, **P < 0.01 and ***P < 0.001 versus control. Results are representative of 2−3 experiments.
Effects of H.pylori eradication on histologic grade in gastric mucosa
At the time of the first follow-up (median time: 13.3 months after H.pylori eradication), infiltration of both neutrophils and mononuclear cells in the antrum and body was markedly reduced compared with the baseline values ( Table 2 ). The grade of atrophic gastritis decreased only in the body (P = 0.008), whereas the PGI/PGII ratio was significantly increased (P < 0.001). The degree of IM was marginally improved in the (Table 2) . However, at the last follow-up (mean duration of follow-up: 44.47 months after H.pylori eradication), a significant reduction in IM was seen in both the antrum and body (reaching 0.94 ± 0.06 in the antrum and 0.52 ± 0.06 in the body, P = 0.013 and P = 0.028).
Effects of H.pylori eradication on the expression of TGF-β1, EMT markers and CD44
We then evaluated the effects of H.pylori eradication on the mRNA expression of TGF-β1 and five EMT markers. The expression of TGF-β1, Twist, vimentin, Snail and Slug mRNA was markedly reduced at approximately 1 year after H.pylori eradication (Table 2) . Moreover, the expression of these genes decreased continuously after H.pylori eradication for several years (P-value for slope <0.001, Figure 4A -E). In contrast, the temporal profiles of E-cadherin mRNA showed a steady increase following eradication of H.pylori (P-value for slope <0.05; Figure 4F ).
To determine whether the reversibility of EMT occurs regardless of the development of cancer or dysplasia, we examined the changes in genes encoding EMT markers after H.pylori eradication in the three groups. In this subgroup analysis, the mRNA levels of TGF-β1, Twist, Snail, Slug and vimentin were found to be reduced after H.pylori eradication in all groups (P-value for slope Figure 1A- O is available at Carcinogenesis Online). The increased expression of E-cadherin mRNA was statistically significant in the dysplasia and cancer groups (Supplementary Figure 1Q and R is available at Carcinogenesis Online), but not in the control group (Supplementary Figure 1P , available at Carcinogenesis Online).
<0.05) (Supplementary
The immunohistochemical results for CD44, Snail and E-cadherin were compared before and after H.pylori eradication (Figure 2A and F) . After eradication, all three groups showed a significant reduction in the expression of Snail (Figure 2A ; upper to bottom row). For CD44, the cancer group showed a marked reduction in expression after eradication and resection, whereas the differences in the dysplasia and control groups did not reach statistical significance ( Figure 2C ; upper to bottom row). In contrast, H.pylori-negative tissues did not show any difference in staining of either Snail or CD44 at the 1-year follow-up (Figure 2B and D; upper to bottom row).
Relationship between TGF-β1/EMT markers and IM
To further investigate whether IM might correlate with EMT, the initial mRNA levels of TGF-β1 and five EMT markers were compared according to the severity of IM. Overall, quantitative RT-PCR analyses revealed that increased expression of the TGF-β1, Twist, Snail, Slug and vimentin genes tended to correlate with increased severity of IM (Supplementary Figure 2A- E is available at Carcinogenesis Online) (P trends for TGF-β1, Twist, Snail, Slug and vimentin mRNA: 0.005, 0.020, 0.002, 0.051 and 0.021, respectively). However, no such trend was seen for E-cadherin mRNA.
The expression of the genes was compared according to the severity of IM in the three groups. The control group showed a trend towards increased expression of Twist, vimentin and Slug mRNA (P trends for TGF-β1, Twist, Snail, Slug, vimentin and E-cadherin mRNAs: 0.178, 0.020, 0.285, <0.001, 0.030 and 0.920, respectively). In contrast, no such trend was seen in the dysplasia and cancer groups (P trends for TGF-β1, Twist, Snail, Slug, vimentin and E-cadherin mRNAs in the dysplasia group: 0.866, 0.857, 0.831, 0.545, 0.174 and 0.639, respectively; in the cancer group: 0.311, 0.857, 0.676, 0.898, 0.127 and 0.735, respectively). With regard to the possible association between gastric CSCs and IM, IHC staining of CD44 showed a trend toward increased expression in more severe IM grades (Supplementary Figure 2G , available at Carcinogenesis Online).
Additionally, we assessed whether improvement of IM in the body was associated with a reduction in mRNA expression of TGF-β1 or EMT markers. Among the 237 subjects, 55 showed improvement of IM, 58 had an increase or no change in the Sydney score, and the remaining 7 patients showed a fluctuation. As a result, regardless of improvement of IM, the levels of mRNAs encoding EMT-acquired markers and TGF-β1 were significantly reduced, whereas those of E-cadherin were increased (all P < 0.05) (Supplementary Figure 3 , available at Carcinogenesis Online, describes Snail (A-C) and E-cadherin mRNA (D-F) expression).
Discussion
We set out to determine the possibility of evaluating the relationship between EMT markers and initiation of gastric cancer and stem cell and investigated changes in long-term expression of EMT markers during long-term posteradication of H.pylori. In this study, up-regulation of mRNAs encoding EMT-acquired markers (vimentin, Twist, Snail and Slug) and loss of E-cadherin mRNA correlated with the dysplasia-cancer sequence. Similarly, immunoreactivity of CD44 progressively increased in sequence, from normal (27) reported that CagA induces both TWIST1 and vimentin and inhibits E-cadherin by down-regulation of programmed cell death protein 4. In agreement with these studies, we observed enhanced mRNA expression of four EMT-mesenchymal markers in H.pylori-positive subjects compared with those who were negative for H.pylori. Since this result was observed even in control subjects, we gave more attention to the possible contribution of EMT to early carcinogenesis of gastric cancer related with CSCs or IM. Since CagA positivity was high (89.5%) in our sample (28) , further analysis according to the presence or absence of the toxin was not performed. Bessède et al. (29) recently demonstrated that H.pylori, via CagA, is responsible for an EMT phenotype associated with an increase in EMT markers and CD44 expression in gastric epithelial cell lines. In particular, cells expressing high levels of CD44 were highly tumorigenic in a xenograft mouse model, and higher expression of CD44 and EMT markers was seen in human and mouse gastric mucosa in H.pylori-positive gastric dysplasia and carcinoma (29) .
Our study showed a step-wise increase in CD44 immunostaining in the normal, dysplasia and cancer sequence (P trend < 0.001). In the multiple regression model, both H.pylori infection and cancer development independently predicted increased expression of CD44 by IHC. Taken together, these observations indicate that H.pylori infection promotes EMT process, which may be associated with the initiation of tumorigenesis via gastric CSCs.
CD44 has been identified as a well-known marker for CSCs in gastric cancer, even if it is expressed ubiquitously in various cell types, including hematopoietic cells (30) . Unexpectedly, the levels of CD44 mRNA did not show any correlation with other EMTinducing genes, but IHC analysis of CD44 did correlate with the levels of Snail and Slug mRNA in the present study. A possible reason for this discrepancy is that immunostaining can detect cell morphology and discriminate inflammatory cells from possible CSCs unlike quantitative real-time polymerase chain reaction. The application of CD44 mRNA as the CSCs marker may work well for in vitro studies, but is of limited value in application to clinical samples, although further study is needed to clarify this issue. Previous studies have suggested that CD44v8-10 was a specific maker for gastric CSCs, but not CD44s (22, 31) . Other study reported that different CSC markers such as ALDH1, LGR5 and CD166 are increased in H.pylori-associated gastritis and gastric adenocarcinomas (32) . Furthermore, expression of CD44 is known to be closely linked with the Wnt/β-catenin pathway (33) . True markers for gastric CSCs still need to be identified.
Even though accumulative evidence supports the existence of CSCs that have the capacity to generate tumor, the stem cell hypothesis in carcinogenesis is under debate. Nonetheless, EMT process has been regarded to be associated with both inflammation and initiation of tumor. It has been reported that the protein of H.pylori, HP0157, induced gastric Th17 responses with up-regulation of matrix metalloproteinase-2 and matrix metalloproteinase-9, which are related to malignancy and invasion, in patients with distal gastric adenocarcinoma (34) . While TGF-β1 induced expression of Twist and Smad interacting protein 1, Snail enhanced the secretion of interleukin-1, interleukin-6 and interleukin-8 (35) . Upregulation of EMT-acquired markers with gaining of migratory properties by H.pylori infection was recently demonstrated (36) . Consequently, EMT can be a link between H.pylori infection and gastric carcinogenesis, facilitating de-differentiation or re-differentiation of tissue.
Of note in our study is that mRNA expression of TGF-β1, EMTinducing transcription factors and mesenchymal markers, as well as IHC staining of CD44, continuously decreased following eradication of H.pylori. Although there was no significant difference in the expression of CD44 by IHC before and after H.pylori eradication in control subjects, this may be due to the small number of control subjects who were positive for H.pylori at the start of the study. Although it is still debatable whether H.pylori eradication can reduce the risk of gastric cancer (37) (38) (39) (40) , several studies have also reported that gastric cancers with high expressions of EMT-inducing transcription factor or mesenchymal marker is associated with poor survival along with advanced stage, undifferentiated histologic type and vascular or neural invasion (22) . Although it is unclear whether these results derive from the invasive nature of EMT itself or accompanying gastric CSCs, considering the decrease in EMT markers after H.pylori eradication in all groups, anti-H.pylori therapy is beneficial for most subjects infected with H.pylori. In Japan, its eradication has been recommended for all individuals with H.pylori-positive gastritis (http://www.mhlw.go.jp/seisakunitsuite/bunya/kenkou_iryou/ iryouhoken).
In addition, the reduction in Sydney grade of corporal glandular atrophy and antral IM after the H.pylori eradication was shown in the present study, similar to a previous report (41) . Moreover, improvement of IM in the gastric body was observed when follow-up was extended.
However, since the degree of improvement was modest (mean change in Sydney score of −1.41 ± 0.08) and most of improved cases initially had mild degree of IM, it appears that radical improvement of IM rarely occurs. Heterogeneous histological distribution of IM lesions also demands precautious interpretation of this result.
As to a potential association between IM and EMT, or CSCs, information is limited. Expression of the Cdx gene is closely related with IM (42) . Given the abundant expression of Cdx1 and Cdx2 in IM lesions in the stomach and the multipotentiality of stem cells, it can be hypothesized that the intestinalization of gastric stem cells is the initiating event in IM (43) . On the other hand, an indirect association between EMT and IM through bone morphogenetic protein has been reported in previous studies. Bone morphogenetic protein pathway induces the expression of Cdx2 (44), and EMT is also activated by the bone morphogenetic protein family (45, 46) .
In the present study, the expression of mRNAs encoding EMT-inducing transcription factors or mesenchymal markers and IHC staining of CD44 were both increased in proportion to the grade of IM. Although we did not demonstrate that IM arises from CSCs, our data can be considered as preliminary evidence that provides further insights into the possibility that the pathogenesis of IM is associated with EMT or CSCs.
The present work has several limitations. Since we did not confirm stem cell properties by cell culture or animal models, it is not clear whether the elevated number of CD44-positive epithelial cells reflects true gastric CSCs. Since mucosal resection was performed in the dysplasia and cancer groups, marked reduction of these EMT markers at follow-up cannot be solely attributable to H.pylori eradication.
Nonetheless, this is one of the few studies that imply that the EMT may favor development of gastric cancer and that this event is probably associated with gastric CSCs and H.pylori at an early stage of tumorigenesis. Moreover, the observed steady reduction of EMT-inducing transcription factors, mesenchymal markers and IHC expression of CD44 after H.pylori eradication suggests that eradicating H.pylori will benefit most individuals with H.pylori infection and aid in the prevention of gastric cancer.
